The taste of an antibiotic is often not taken into account by practitioners, although there is signifi cant evidence to show palatability correlates strongly with adherence.
INTRODUCTION
Antibiotic adherence is an important issue in the management of any paediatric infection. [1] [2] [3] [4] A number of factors usually infl uence the doctor's choice of antibiotic and patient adherence. These include the likely causative organism and its sensitivities, and the site and severity of infection. The child's age and known allergies, and drug route, formulation, degree of penetration, side effects and toxicology are also important issues. However, the taste of an antibiotic and the child's ability to tolerate oral drugs, although widely cited, is often not considered. Acknowledging the importance of palatability to children and parents in patient-centred management will improve adherence and infl uence clinical outcome.
Bitter taste is sensed by receptors that have evolved through the need to recognise a vast number of potentially harmful and structurally different compounds. 5 When placed in this evolutionary context, it is not surprising that parents often fi nd it diffi cult to persuade children to take bitter medicines. Commonly prescribed oral antibiotics for children include penicillins, cephalosporins and macrolides. Cephalosporins are often regarded as pleasant tasting, 1 6-9 while other penicillin-based antibiotics have a less favourable taste and aftertaste. 7 10 The majority of doctors have not tasted every antibiotic they prescribe. We review the clinical evidence around palatability with the aim of informing routine medical practice and infl uencing future antimicrobial guideline development.
ADHERENCE AND TASTE
Palatability is so signifi cant in ensuring successful administration of a course of treatment that a recent call has been made for the evaluation of palatability and taste before European marketing authorisation is granted. 11 Current European Parliament legislation 12 also emphasises the importance of making new drugs more acceptable. However, palatability comes at a price as the taste of traditionally unpalatable drugs has commonly been disguised with sugar. 13 Regulatory agencies and professional organisations in Europe and the USA have recommended avoidance of sugar in paediatric medicines and many artifi cial sweeteners have been substituted, but sweeteners themselves may also have associated adverse effects. 13 Throughout the literature, the taste, texture and aftertaste of antibiotics are cited as important considerations for children taking medicines. 1 2 A questionnaire study in Japan 14 of 192 families revealed non-adherence to a full course of antibiotics in approximately one-quarter of patients. The child's refusal to take the drug was the second most common reason for non-adherence after parental judgement that the child was better. Another questionnaire-based study 15 of 414 primary care patients (65.9% children) in Saudi Arabia examined non-adherence to short-term antibiotic therapy, and the reasons most frequently mentioned were the rapid improvement of symptoms, the bitter taste of the drug, forgetfulness and frequent dosing.
Better tasting antibiotics should therefore correlate with higher levels of adherence. A large study 16 (n=546) in Israeli paediatric outpatients assessed acceptability and adherence to the most commonly prescribed oral antibiotic regimes. Parents were interviewed by phone 10-14 days after commencing treatment. Four drugs were investigated: 11% of patients resented or refused cefaclor, 16% amoxicillin, 26% trimethoprim/sulfamethoxazole and 56% cefuroxime axetil. Unsurprisingly, this showed a positive correlation with the numbers of children completing the entire course: 85% (cefaclor), 77% (amoxicillin), 73% (trimethoprim/sulfamethoxazole) and 67% (cefuroxime axetil).
PALATABILITY
Five different components of taste are detected by the tongue, with specifi c cell types possessing unique receptors capable of individually sensing bitter, salty, sour, sweet and umami tastes. 17 These components excite specifi c neural pathways and are processed along with other immediate olfactory, visual and somatosensory inputs, 
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as well as those from memory. 5 Taste is therefore infl uenced to some degree by prior experience, and the components of taste have evolved through necessity. For example, the ability to taste sweet food allows the identifi cation of energy-rich foodstuffs, whereas recognising a bitter taste helps detect substances unsuitable for consumption and therefore protects against naturally occurring, potentially lethal substances. Bitter taste receptors have had to evolve to recognise a vast number of structurally different compounds all capable of triggering the sensation of bitterness. 5 
Measurement of palatability
A variety of methods have been used in order to assess taste perception in children and subsequently draw conclusions concerning drug palatability. However, a European Medicines Evaluation Agency Report 18 acknowledges the diffi culty of assessing taste in children below 5 years of age. Methods to measure palatability range from the simple to the sophisticated.
The time required for a medicine to be given 19 and children's own spontaneous verbal judgements after consumption 20 have been considered useful and effective ways to compare responses to different fl avours. Patient and parental questionnaires have been used to evaluate taste 15 16 and to assess the acceptability 16 of antibiotic preparations. However, there are clear limitations with such methods in very young children or those unable to articulate appropriately.
The use of universal, standardised visual analog scales to quantify a child's response to the taste of a medicine (eg, the facial hedonic method) are widely described throughout the literature. 6 8 10 11 21 One study has shown that the hedonic method is worse than own spontaneous verbal judgements at discriminating between taste differences in children under 6 years of age, although both methods are equally effective for older children. 21 Despite this, the study concluded that the hedonic scale was still preferable across all ages due to standardisation.
More sophisticated methods of taste evaluation have been trialled including the ASTREE Electronic Tongue; and taste sensor systems 22 which measure the electronic potential of drug solutions and have been shown to distinguish between different antibiotics.
Randomised control trials are the gold standard in comparing treatment outcomes 8 9 11 19 20 23-25 and have been shown to be an effective method of demonstrating antibiotic superiority in terms of both treatment outcomes and taste.
Palatability of specifi c drugs
A large number of studies have focused on palatability as an outcome. Certain antibiotics are widely acknowledged to have an unpleasant taste. A Japanese study 22 in adults used human gustatory sensation tests to gauge the bitterness intensity of 18 common paediatric antibiotic and antiviral drugs with quinine as an unpleasant standard. Seven drugs (azithromycin, clarithromycin, erythromycin, norfl oxacin, sulfamethoxazole/ trimethoprim and amantadine) were judged more bitter than quinine. Erythromycin has an unpleasant taste 22 26-28 and is associated with nausea. Clarithromycin is characteristically bitter [28] [29] [30] and has faired poorly as regards palatability when directly compared 22 27 to other antibiotics.
A number of studies 1 6-9 27 including a blind taste comparison in adults of 14 paediatric antibiotic formulations and a double-blind taste comparison of 22 paediatric antibiotics, 27 "Atopic eczema in children: management of atopic eczema in children from birth up to the age of 12 years" 39 ▶ The NICE recommendation for fi rst line infected eczema systemic treatment is fl ucloxacillin for Staphylococcus aureus and streptococcal skin infections, with erythromycin as second line treatment for children allergic to penicillin or with fl ucloxacillin resistance, and clarithromycin as an alternative to erythromycin with fewer side effects. ▶ Problems ▶ Oral fl ucloxacillin has long been recognised as being a poor taste choice, and is acknowledged by NICE as often considered unpalatable by children. ▶ Erythromycin has an unpleasant taste and is associated with nausea, however NICE recommend its use due to its equal effi cacy with, but cheaper cost than, cephalosporins. ▶ Anecdotally, paediatricians may think that clarithromycin tastes better than erythromycin, however clarithromycin is characteristically bitter and has faired poorly regarding palatability when directly compared to other antibiotics. ▶ Clindamycin is also well known for poor palatability and adherence. ▶ Conclusions ▶ Cost plays an important part in the development of any national guideline. ▶ However, the hidden burden of poor adherence, subsequent re-treatment, the complications of partially treated disease and burgeoning resistance are also important considerations.
have found cephalosporins to be better tasting although more expensive than penicillins and macrolides. Dicloxacillin, oxacillin, erythromycin/sulfi soxazole and cefpodoxime were judged so unpleasant that they ran the risk of endangering adherence. 27 Another blinded taste study cumulatively scored 12 antimicrobial suspensions; loracarbef scored highest but not signifi cantly higher than the cephalosporins: cephalexin, cefi xime and cefaclor. Again, the lowest scoring antibiotic was dicloxacillin. 7 A small trial (n=20) of four anti-staphylococcal antibiotics found that children's taste perception of cloxacillin (similar to fl uxloxacillin in UK) was so poor as to recommend not prescribing the drug at all in the interests of adherence. 10 Although data in the literature are incomplete, 11 branded antimicrobial preparations often appear better tolerated than their cheaper generic equivalents.
COMMON PAEDIATRIC DISEASES
The unpleasant taste of antibiotics is consistently cited as an obstacle to adherence and should therefore be a key consideration in the management of all common paediatric infectious conditions. 2 31 However, unpleasant tasting antibiotics are recommended as fi rst line choices in a number of common paediatric infectious diseases (see the case study described in box 1).
Penicillin V is recommended as a fi rst line antibiotic treatment for acute streptococcal pharyngitis, although cefdinir and azithromycin have been shown to be more palatable alternatives. Azithromycin was also shown to be a more palatable alternative drug for the treatment of upper respiratory tract infections in a study of 769 children using blinded
Drug therapy
manufactured as a taste-free prodrug in the form 2'-ethyl succinate, the drug is unstable and undergoes hydrolysis resulting in its unpleasant bitter tasting form. A different version of the drug, erythromycin B enol, has been proposed which has improved stability and therefore better taste. 26 Microencapsulation has been studied as a way of masking the bitter taste of clarithromycin and erythromycin. 28 Similarly, the production of microspheres containing azithromycin has shown promise as an effective method to hide its taste. 34 Other proposed methods include the use of fl avoured jellies to disguise the bitter taste of macrolides. 30 
FURTHER CONSIDERATIONS
The palatability of paediatric drug formulations should also be considered in the broader context, as low-resource settings carry much of the burden of paediatric infectious diseases. Oral re-hydration supplements, an important therapy in the treatment of diarrhoea, have been shown to vary signifi cantly in palatability and acceptability to children. 35 The unpleasant taste of many anti-retroviral drugs is well recognised and it remains that only a minority of anti-retroviral drugs have paediatric formulations. Palatability was shown 4 to be a common reason for non-adherence to treatment in children with HIV in South India. The huge impact of non-adherence and emerging viral resistance has serious implications for the health of HIV infected children and the success of national treatment programmes. As new drugs are developed, the need for more paediatric formulations with improved palatability is paramount.
However, the majority of palatability studies are not conducted in low-resource settings and taste preferences vary signifi cantly across cultures. 36 Nonetheless, the importance of adherence in effective management remains the same. The need for local studies and the development of pleasant paediatric formulations could potentially have a substantial effect on global child morbidity. A) perform a 'taste test' and (B) explain 'pill school' to parents 40 A1) Taste test in hospital: prior to switch from intravenous formulation, change to unpalatable oral formulation and observe the parent giving all doses of medication before discharge. For all beta-lactam antibiotics and macrolides, explain to the parent that they can give a repeat dose if partially spat out or vomited. A2) Taste test in community (requires drug availability in the primary care setting): ask the practice nurse to observe the dose being given prior to issuing a prescription for an unpalatable formulation. B) 'Pill school': Explain to the parents the use of widely available confectionary for helping the child practice swallowing tablets with water or dilute squash from small (tic tacs), through medium (small then standard Smarties) to large (chocolate or yoghourt coated raisins) size. It is important to i) not force the issue and ensure fun ii) practice a little each day, do not worry if takes weeks or months iii) if possible offer telephone back-up to the parent via a clinical nurse specialist.
Box 3 How to (

Box 2 Acceptability and treatment dose frequency of commonly prescribed oral antibiotic agents (unpublished author experience)
▶ Antibiotics children will normally swallow ▶ Co-amoxiclav (×3/day) or Augmentin Duo (×2/day) ▶ Cefaclor, cefalexin, Amoxil (branded) (all ×3/day) ▶ Co-trimoxazole ▶ Antibiotics children might swallow ▶ Penicillin V (×4/day) ▶ Amoxicillin (generic) (×3/day) ▶ Clarythromycin (×2/day), azithromycin (×1/day) ▶ Antibiotics children often spit out or grimace when taking ▶ Erythromycin (×4/day) ▶ Trimethoprim (×2/day) ▶ Rarely tolerated with good adherence ▶ Flucloxacillin (×4/day) ▶ Clindamycin (×4/day) taste tests. Although current UK primary care 32 guidelines discourage antibiotics for the treatment of acute otitis media, they acknowledge they are at times necessary. A number of randomised controlled trials have shown azithromycin and cefdinir 25 to be more palatable alternatives to amoxicillin/ clavulanate while also being easier for parents to administer. Cefdinir additionally exhibits better treatment adherence (although unavailable in the UK). Both drugs are easier for parents to administer, particularly standard azithromycin therapy which is given once daily for a short 3-day course. Amoxicillin has not been subjected to similar trials, but taste might generally be considered equivalent to amoxicillin/clavulanate formulations (box 2). The potential benefi t of using cephalosporins to enhance adherence needs to be weighed against using a less effective agent that incurs the risk of developing resistant organisms such as methicillin resistant Staphylococcus aureus (MRSA) or extended spectrum beta lactamases (ESBLs), or of Clostridium diffi cile infection. However, the risk of C diffi cile and MRSA infection is much lower in children than adults and so the use of a more palatable but broader spectrum antibiotic in these circumstance is almost certainly preferable. For a child receiving multiple courses of antibiotics or requiring chemoprophylaxis with regular antimicrobials, the decision to use a broader spectrum agent should be considered individually.
IMPROVING DRUG ADMINISTRATION
The palatability of certain drugs such as fl ucloxacillin is so poor that we recommend that the drug not be prescribed at all in suspension form unless the child is observed swallowing a dose prior to full prescription ('taste test') and the parents can give 6 hourly medication. Models in HIV management have shown that pill swallowing training can be very successful, with 91% of 6-11-year-old children able to swallow tablets. 33 Improving children's ability to take pills has been shown to improve medication adherence, and is a useful alternative method of delivery for unpalatable drugs 3 where alternatives are not available (box 3).
IMPROVING TASTE
A number of methods to improve the taste of antibiotics have been investigated. Although erythromycin A is usually group.bmj.com on March 5, 2012 -Published by adc.bmj.com Downloaded from
CONCLUSION
In summary: ▶ Doctors need to be more aware of the importance of taste in paediatric prescribing. ▶ Palatability correlates strongly with adherence.
▷ Cephalosporins, despite their relative cost, are accepted very well. ▷ Flucloxacillin suspension is so unpalatable that it is recommended that it is only prescribed in capsule form unless the child is observed swallowing a dose prior to full prescription ('taste test') and the parents can give 6 hourly medication. ▶ Children from the age of 6 can swallow pills with training (which can be carried out by parents following a short medical or nursing explanation). ▶ Children and families need to be involved in choosing treatments for successful outcomes. ▶ Prescribers and families must be aware that generic medicines may differ between prescriptions with considerable taste variability. In 3-and 4-year-old children, familiarity and sweetness infl uence are the major factors in food preferences. 37 The majority of children's prescribed medicines are unfamiliar and bitter, so it is not surprising that completing courses of antibiotics is diffi cult for both parents and children. The unpleasant taste of an antibiotic has been widely cited as a common reason for non-adherence and better tasting antibiotics correlate with higher levels of treatment completion. 16 Although the evidence is primarily from the treatment of tuberculosis and HIV, 38 poor antimicrobial adherence can result in treatment failure and subsequent complications, outcomes costly for both the patient and the health services. Additionally, there is a hypothetical risk of increased antibiotic resistance where a medication has not been administered effectively because of taste or dose frequency. Such is the effect of an antibiotic's taste on adherence that recent calls have been made for the evaluation of palatability and taste before European marketing approval is granted.
Doctors prescribing antibiotics for children need a higher level of awareness of the relative palatability of drugs if they have not personally tasted them. Cephalosporins, despite their relative cost, are accepted very well and therefore adherence and successful treatment are more likely.
An essential component of paediatric drug adherence is family involvement in the choice of treatment. A patient-centred approach involves effective communication and partnership between the child, parents and professionals. Open discussions around issues such as taste, formulation and dosing schedule can infl uence the selection of an appropriate antibiotic and the success of the treatment.
